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1. Introduction  
1.1 What is TrainMiC®?  
TrainMiC® is a life-long learning programme providing European-wide, harmonised training 
in metrology in chemistry. It aims to improve the quality of analytical results by training 
laboratory practitioners in reference, designated and control laboratories and within the 
inspection authorities on how to interpret the metrological requirements of the ISO/IEC-
17025 for chemical and bio-analytical measurements in different sectors (environment, 
food, consumer protection, etc.). 
 
The programme operates via a network of about 90 authorised trainers who have signed a 
licence agreement with the commission. The JRC-IRMM manages the programme, provides 
training of new trainers and organises customised training events in support of EU policies 
focusing on needs linked to the single market and external trade (European Neighbourhood 
Policy), security and consumer protection. About 500 practitioners are trained every year. 
 
To-date, the TrainMiC® programme has reached more than 8400 practitioners in 35 
countries. Training material has been translated into 14 languages and national TrainMiC® 
teams are operational in 26 countries. The programme has become a sustainable platform 
for technical and scientific harmonisation opening the way to collaboration across Europe 
and beyond. 
 
1.2 Training material 
TrainMiC® training material consists of nine modules, a growing library of practical 
examples and mini-case studies. The licensed trainers can access a restricted information 
platform to download training material. The trainers use presentations to provide theoretical 
training covering the topics related to metrology in chemistry and the requirements of the 
related standards and guidelines (e.g. ISO/IEC-17025, ISO Guides 34 and 35 and ISO-
17043). 
 
The presentations are prepared, updated and approved by the TrainMiC® editorial board. All 
presentations have speaker’s notes, to assist the authorised TrainMiC® trainers to give a 
harmonised interpretation of the material. 
 
TrainMiC® examples complement the presentations and provide practical exercises for 
different areas of application e.g., environmental analysis, clinical analysis, and food safety 
and quality. They are organised according to a standardised template and consist of three 
parts i.e. traceability, validation and uncertainty estimation. These examples are developed 
by authorised trainers and are accepted by the editorial board and published after a peer-
review procedure. 
 
The production of training material is a collaborative effort of many individuals, and 
therefore the copyright is established at the European level and is with the European Union. 
The material can be used by others in a non-profit manner, after prior consent by the 
TrainMiC® management board. 
 
The modules in presentation format are: 
• Introduction to metrology in chemistry 
• Traceability of measurement results 
• Single laboratory validation of measurement procedures 
• Uncertainty of measurement: Principles and approaches to evaluation 
• Statistics for analytical chemistry 
• Selection and use of reference materials 
• Interlaboratory comparisons 
• Internal quality control 
• Sampling as a part of measurement procedure 
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One module is available in e-learning format: 
• Single laboratory validation of measurement procedures (e-learning module and 
mini-game)  
 
 
 
Books of examples and with training modules have also been published: 
• Practical Examples on Traceability, Measurement Uncertainty and Validation in Chemistry: 
Vol. 1  
- EX 06 Analysis of Gold Alloys by Flame Atomic Absorption Spectrometry by Veselin 
Kmetov, and Emilia Vassileva 
- EX 10 Determination of Calcium in Serum by Spectrophotometry by Steluta Duta and 
Philip Taylor 
- EX 08 Determination of Radium in Water by α-Spectrometry by Ljudmila Benedik, Urška 
Repinc and Monika Inkret 
- EX 04 Determination of Polar Pesticides by Liquid Chromatography-Mass Spectrometry by 
Allan Kunnapas, Koit Herodes and Ivo Leito 
- EX 07 Determination of Ammonium in Water by Flow Analysis (CFA) and Spectrometric 
Detection by Bertil Magnusson 
• Practical Examples on Traceability, Measurement Uncertainty and Validation in Chemistry: 
Vol. 2  
- EX 22 Simultaneous Determination of Retinol and α-Tocopherol in Human Serum by HPLC 
with UV and Fluorimetric Detection by Antonella Semeraro, Ilaria Altieri, Elena Amico di 
Meane, Sabrina Barbizzi, Maria Belli, Antonio Menditto, Marina Patriarca, Giancarlo Pistone 
and Michela Sega; 
- EX 17 Determination of Cyclamate Concentration in Soft Drinks by a High Performance 
Liquid Chromatographic Method  by Gordana Horvat and Snježana Marinčić; 
- EX 25 Determination of Arsenic in Ground Water by Flame Atomic Absorption 
Spectrometry (Hydride Technique)  by Nada L. Lazić and Jelena Bebić; 
- EX 16 Determination of Sodium Chloride in Milk Products by Volhard's Method by Tidža 
Muhić-Šarac, Munir Mehović and Mustafa Memić; 
- EX 09 Determination of Total Organic Carbon (TOC) in Waste Water by Brigita Tepuš and 
Marjana Simonič. 
• Analytical Measurement: Measurement Uncertainty and Statistics edited by Nineta Majcen 
and Vaidotas Gegevičius  
 
2. Short description of translated TrainMiC® presentations 
2.1 TrainMiC®: Introduction to Metrology in Chemistry 
The quality of chemical measurements is an important issue in today’s world influencing 
quality of life, border-cross trade and commerce. On an international scale, the world of 
chemical measurements is undergoing major changes. Over a decade initiatives have been 
taken at an international level and across the measurement sectors to ensure that the 
measurement science issues are applied in a systematic way. This is done to improve the 
quality of chemical measurement results and thus make them acceptable everywhere. Only 
in relatively recent years have the principles of measurement science (metrology) in 
chemistry received the attention they should. This does not replace the need for many 
aspects of quality assurance, but compliments this, i.e. bringing a solid foundation to build 
on. In the past, emphasis has been nearly exclusively on quality management systems and 
accreditation. Today, the spotlight is finally back on the basics in measurement science.  
 
TrainMiC® applies the principles of the International Vocabulary of basic and general terms 
in Metrology, VIM (ISO, 1993, ISBN 92-67-01075-1) and the Guide to the Expression of 
Uncertainty in Measurements, GUM (ISO, 1993, ISBN 92-67-10188-9. 
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2.2 TrainMiC®: Traceability of Measurement Results 
In this presentation, various issues concerning traceability of chemical measurement results 
are addressed. According to VIM, ‘‘traceability’’ means ‘‘properties of the result of a 
measurement or the value of a standard whereby it can be related to stated references, 
usually national or international standards, through an unbroken chain of comparisons all 
having stated uncertainties’’. Therefore, every link in the traceability chain should consist of 
comparisons that are essentially measurements in accordance with the above-proposed 
meanings, which include the validation of the measurement procedure and the use of 
reference materials. Not all-chemical measurements are, or should be, traceable to the 
mole. Other stated references are accepted as well.  
 
2.3 TrainMiC®: Single laboratory validation of measurement procedures 
Validation of a measurement procedure can be regarded as one of the most important parts 
of everyday laboratory work. In choosing the most promising candidate method, one should 
consider the expertise in the laboratory, whether it is used routinely and whether the 
chosen method is fit for the intended purpose. Validation of the measurement procedure 
increases confidence for users of the measurement procedure and measurement results, 
and provides information on procedure performance characteristics. According to ISO/IEC 
17025 the confirmation of validated procedures is required. 
 
2.4 TrainMiC®: Uncertainty of measurement: Principles and Approaches to 
evaluation 
Measurement uncertainty is an important ISO/IEC 17025 requirement. Two TrainMiC 
presentations are dedicated to the uncertainty of measurement results. The first one 
(Principles) focusses on the general understanding of the uncertainty concept, highlighting 
that the aim of uncertainty evaluation is to be able to make reliable decisions. The second 
presentation (Approaches to evaluation) explains and demystifies the approach of the ISO-
GUM (Guide to expression of uncertainty in measurement) to estimate and report the 
uncertainty of a measurement result obtained following a specific measurement procedure. 
A clear description of all steps needed for uncertainty evaluation is presented with the 
respective examples. The modelling approach for estimation of measurement uncertainty is 
compared with single laboratory validation and interlaboratory validation approaches. This 
presentation gives guidance on selection of approach for different purposes and draws 
attention to critical issues when applying various approaches.  
 
2.5 TrainMiC®: Statistics for analytical chemistry 
In this presentation, statistical concepts which provide the necessary foundations for more 
specialised expertise in any area of chemical analysis are briefly discussed. The selected 
topics (regression and correlation, linear regression, calibration, residuals and residual 
analysis) illustrate the basic assumptions of most analytical methods and are necessary 
components of our general understanding of "quantitative analysis". Further information 
mostly on the functional aspects on the concepts widely used for validation of analytical 
methods as α and β errors, limit of detection, control charts are presented. The simplest 
form of the analysis of variance (ANOVA) - one way ANOVA is also given. The aim of this 
presentation is to make the users familiar with the basics of applied statistics, help them to 
design and conduct their experiments properly and extract as much information from the 
results as they legitimately can. 
 
2.6 TrainMiC®: Selection and use of reference materials 
In this presentation, definition, types of certified reference materials (CRMs), their 
production and use are discussed and critically evaluated, again with a number of 
examples. The properties of different CRMs, pure substance for calibration, pure substance 
for matrix matching as well as matrix CRMs are discussed. Several comments on the 
production procedure and requirement are given as the user of CRMs should be aware of 
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the fact that making CRMs is not a trivial task, but needs skills and a proper installation for 
production. The user should also know how to look for the most appropriate CRMs and need 
to be aware that producers should provide respective information on traceability, which 
should be stated and demonstrated. It is concluded that a high quality CRM should have a 
stated traceability of the certified value, state an ISO-GUM uncertainty of the certified 
value, both should be demonstrated, and preferably be produced according to a method 
described under ISO Guide 35.  
 
2.7 TrainMiC®: Interlaboratory comparisons 
The aim of this presentation is to focus on the different kinds of interlaboratory comparisons 
(ILCs) and/or proficiency tests (PTs). The goal is to demonstrate that participating in ILCs 
or PTs enables a laboratory to demonstrate its ability to make a specific measurement and 
should lead to improved quality of results. The results from ILCs or PTs are of crucial 
interest for laboratories as these provide clear information of its ability to provide reliable 
results to its customers. It would be pointed out that the participation is either voluntary or 
forced by external requirements (e.g. legal, accreditation, control bodies). Most ILCs and PT 
schemes involve comparison of participants' results with an assigned value, which has been 
delivered by a reference laboratory, a sub-group of participants, consensus from the overall 
population of test results or by some other means. Corrective actions after participation to 
ILCs are also briefly discussed.  
 
2.8 TrainMiC®: Internal quality control 
This presentation is about one important part of measurement quality – internal quality 
control. Internal quality control at the chemical analytical laboratory, involves a continuous, 
critical evaluation of the laboratory’s own analytical methods and working routines. The 
control encompasses the analytical process, starting with the sample entering the 
laboratory and ending with the analytical report. The most important tool in the quality 
control is the use of control charts. The presentation is mainly based on a guideline from 
the Nordic countries – Nordtest technical report TR 569 Internal Quality Control- Handbook 
for Chemical Laboratories.  
 
2.9 TrainMiC®: Sampling as a part of measurement procedure 
Sampling is generally the first and very crucial step of every analytical procedure. In the 
sampling presentation sampling is discussed as a part of the measurement procedure. 
Definition, procedures and sampling experimental design are presented in the first part. 
Different types of samples, priority fields of interest and sampling protocol with some 
sampling strategies are discussed later. Some examples in soil, solids, gas and liquids 
sampling are presented and commented finally.  
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